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1+ ATLAS Higgs to WW results

— July 4, 2013 results submitted to PRB
(arXiv :1307.1427)
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@ Higgs Production on the LHC @

Main production is gluon-gluon fusion (ggF)
— Sensitive to new physics in loop
— Subject of this talk
* Vector boson fusion (VBF) and associated
production
— Sensitive to tree level vector boson couplings
* Sensitivity to spin and couplings to W/Z and top
— Can measure direct WW/ZZ to Higgs coupling in

This talk
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with no accompanying jets

Contending with Many
Backgrounds

* Ordered list of most important
backgrounds for Higgs with m =125
GeV/c? in the opposite flavor channel

W+Jets is extremely important for
low Higgs mass measurements

- Large uncertainty (40%)

- Similar kinematics to signal

Background Enters Analysis Normalized to Data - Difficult to simulate
WW — fuby irreducible yes - Fully data driven
W+Jet— fv+jet || jet fakes lepton es — . . . .
T +J J P - Y -8_105, . i ATLAS Preliminary
Wry photon conversion no = E s o
5 [ E LHC pp Vs =7 TeV
WZ lose lepton no © oL e Theory
- béw bly | lose bs yes T I
Wt — fv bly lose b yes 103; LHC pp Vs = 8 TeV
. . E mm Theory
Y4 irreducible, small no - e Data 2012 (L =587
Z— 7 real MET yes e W e o
; : 1.0 e .
H : : 5.8 fb!
10 Y oy z
ggF HWW 125 - : 21 '4—7!be—
1= : : i :
VBFHWW 125 F W Z tt t WW WzZ Wt ZZ
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Split ee, uu, ew, and ue
— Talk focuses on 0j eu+ue

— Same flavor
Adds 10%

Large DY background from MET degradation
(~20-30 pp collisions per bunch crossing)

. . % i— -4 Data 2012 =

Single lepton triggers (e,u) it 20? 2”;?: [ Lat = 20.7 " B i boen 2

— P;er>25, 15 GeV (2 opposite sign leptons) 12: HoWW? eviy ST

« Muons (electron) |n|<2.5 (2.47) 14F ~ —o E

* Isolation and impact parameter selections CE P

— PJet>25 GeV (30 for |n|>2.5 == == o —E
t ( M| ) oE- ‘S plit jet bins (0j,

45 . / =

2 E

0 L = Py )

600 H->WW*—Iviv + 0/1 jets m ww
500 -$- R
I other vv
[ single Top
— 2 bins of M, in Opposite flavor 300 [ Weets
200 12z,

mr = \/(E'[r( - E%‘i“ )2
Limited mass resolution o _4tt
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H->WW-=Ilvlv Binned

Likelihood My Fit
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0 Jet Signal Selection

* Eis sensitive to the
direction of MET along
objects

— Leptonic T decays

* Much harsher MET
requirement for the same

flavor
— METRel>45 GeV
I1
Transverse
plane to
/ beam line
MET #.....)
¢
I2
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O Jet Signal Selection and WW
I\/Iodelmg

* Higgs spin-0+V-A decays o
provide collinear leptons
— P/>30 GeV
— M,;<50 GeV
— A¢,<1.8

e See Lashkar’s talk for non-
spin-0 specific analysis

Events / 10 GeV

Si%nal Background
' |
‘ MET
MET |
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—¢— Data %% SM (sys @ stat)
B ww [ WZ/ZZ/Wy
[+ [ Single Top
B Z+jets [ ] WHjets

BB H [125 GeV]

ATLAS Prellmlnary
\s=8TeV, | Ldt = 20.7 fb"
HAWW(*)—>evuv/ pvev + 0 jets

WW Validation Region

150 200 250

New Split

in SR

Old WW CR m, [GeV]

 Total Uncertainty on WW
 74% of Ojet background
* 7.4% in Ojet
* Includes theoretical and statistical
shape uncertainties
* Experimentally dominated




W+Jet Modeling

Events Prompt
— Lepton Jet-enriched
Nigosets = 5 Fre (55— Pmee)
f..is the “transfer factor” from jet enriched

leptons to our isolation definitions.

e Fully data driven

Same Sign Validation

< 90FT T T T 3

e f O b ATLAS % T, 3

jet = 805_ \s=8TeV | Ldt=20.7fb" I SV Higgs boson

— Derived from QCD CR in 2 ;25_ H-WW*—seviy + 0 jets DWf;gt:125@.3\/_g

S 60p 1 0 wr E

data L 50;_ » + Ml wz _i

— ~40% uncertainty 40f- * -

. . . . 30 —

* Modeling is validated with b E

same sign lepton pairs oF- E
0_50 100 150 200 ) 300
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Top Estimate

F eommz  ATLAS

. > ’

e V2% of top events arein & [ oz :

] ) g SO0 gy sM Higgs boson \s=8TeV | Ldt=20.7fb" ]

the O jet (unlikely) g | meEe HWWoevay s 1jet -

GC) 400~ E]tSingIeTop /'7 .

. T - 7/ 2 5 7

* Large uncertainty P / Ty E

~ [ other vV ////4 ' /, ) .

(13%) oo :

- ,/ ,//7/4 E

* Use data driven method  1of I Mo, -
to correct simulation T

e Jet Veto Survival Fraction (JVSP) m; [GeV]

e Basically: probability to miss 2 jets

. . . . % Top
* Ratio to simulation is “ background

1.11+0.14 0jet 5% 3945

1jet 36% 95 +28

e 1 jet uses ab-tagged CR
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@ Same Flavor: PacMan

* Z/y" enters because MET mis-measures some soft hadronic activity
* Measure soft hadronic recoil (jets with P;<25 GeV)
 Reduces DY by a factor 5
 Adapted to 1j using P-'l*iet
Fit for Z/y" normalization using driven templates for normalization

- 1" rrrT AR SR R
L - ATLAS ]
o, == \'s = 8 TeV simulation n Soft
% i H->WW*—evev/pvuy + 0 jets ] Hadronic
g : —h— ji/goson, top and W+jets : recoil
g gl H _>WW —e— SMHiggs boson m =125 GeV
[O)
.-'E 107 o -
L - g 1 .
| = 7.7/ | Recoil measurement
i - e ]
| —A-"0~ <+ i . .
R - | In 0 jet events
- - Ty
102 bl llum.ulﬁffuulu.uluuluﬁﬁ
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@ Summary of Backgrounds

]vjet:O ]vjet: 1

Observed 831 309

Slgnal 100 +£21 41+ 14 Uncertainties include
Total background 73939 26128 “— sy craon
WW 551441 108 +40
- OtherVV 58+8 27+6 \

TOp-qual‘k 39+5 95 +28 Largest background

Z+jets 30+10 12+6

W+jets 61+21 20+£5

* Signal and background summed over ee+upu+ep
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Fit Results

* Bestp,is 4.0 0y, at m,=
140 GeV/c?

* Reject the no Higgs
hypothesis at 3.8 o, at m,
= 125.5 GeV/c?

a° 10° e
= . ,F ATLAS ls=7TeV |Ldt=461"

9 10°E HowwSiviy \s=8TeV JLdt=20.7 "

— 1oL — Obs. Mo

—Exp. m =1255GeV 120 §

'6 IIIIIIIllIIIllIIIllIIIlI
10110 120 130 140 150 160 170 180 190 200
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* Signal strength (u) is 1 for SM
(m,=125.5 GeV/c?)

* w,=0.8=+0.30nlyO+1jet
* w,=1.0=%0.3 with VBF
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Dedicated High Mass Search
HoOWW

* Extend search for an additional SM § | ATLAS Preiiminary = Zhewy
Higgs to 1TeV (125 GeV Higgs is a 2 T mesTevfia- 207wt B ]
background) g s oTwIORE S

 8TeV dataset 20.7/fb eu ¢ {0,1,VBF} N

* Low mass cut - High mass cut S <N

M||<50 - M||>50 GeV OfL NS0, 200 250 3 o o oS00
) m; [GeV]
|Ag,|<1.8 - |An,|<1.0 Ot
2 £ ATLASPreliminary —— Obs. ggF 3
& [ HoWwoevuv, NWA o Bxp-odF
* Consider two lineshape scenarios: & & ol Daog,
* Narrow width approx. (NWA) £
 Standard Model (SM) C
* Exclude SM XS at 95% CL % |
from 260 < M < 642 GeV Narrow Width
with VBE 10300 ~400 500 600 700 600 'éag)d[ég;(/)]oo
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Associated Production
H-oWW

* Sensitive to direct Higgs to W/Z
coupling (no loops)

DPF August 16 — Doug Schaefer  https.//atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-075/ 14



ZH/WH Associated Higgs

(New For EPS)

Analysis

E:

* WHSIvivly s |
e Search for 3 isolated leptons+MET §

e Split analysis into Z enriched and Z 3"
depleted regions g

* Expected limit is 4.0 o), and
observed is 7.5 at m; =125

* 1.7 o excess mainly in Z depleted
region

o ZH-Il Ivlv
» Search for 4 isolated leptons+MET

e Split analysis into 1 SF OS and 2 SF
OS pairs and uses V-A higgs decay

* Expected limit is 9.6 o, and
observed is 14.3 at m;= 125

* 1.5 0 excess

DPF August 16 — Doug Schaefer Previously 2011 only
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B+t s = 8 TeV:/Ldt = 20.7 fb"
IE=;
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10?
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| — Obs.
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(N ER
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@ Conclusion @

* The cross-section and signal strength are
consistent with the standard model Higgs

a(pp = H)- B(H - WW)pp,=125 Gev = 6.03% (stat)fgg (syst theor) fg:g (syst exp)fgg1 (lumi) pb

* No evidence for an additional higher mass
Higgs with mass less than 642 GeV

* Small excesses observed the WH/ZH analyses
e Wait until 2015 for 13-14 TeV data

DPF August 16 — Doug Schaefer 16



DPF August 16 — Doug Schaefer

Backup

17



Signal Strength

?_45_ l""l""l""I""I""I'L"I" ]
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@ Summary of Backgrounds

Source Niet=0 Nje=1
Theoretical uncertainties on total signal yield (%)
QCD scale for ggF, Njet > 0 +13 -
QCD scale for ggF, Njet > 1 +10 —27
QCD scale for ggF, Njet > 2 - -15
QCD scale for ggF, Njet > 3 - ~
Parton shower and underlying event +3 —-10
QCD scale (acceptance) +4 +4
Experimental uncertainties on total signal yield (%)
Jet energy scale and resolution 5 2
Uncertainties on total background yield (%)
WW transfer factors (theory) +] +2
Jet energy scale and resolution 2 3
b-tagging efficiency - +7
Jrecoil €fficiency +4 +2

DPF August 16 — Doug Schaefer
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H->WW-Ivlv (rate)

* |vlv means evev, evuyv, and uvuv
e 2012 Analysis (20.7/fb):

— Splitinto 2 bins in m,

— New WW CR (closer to SR)

— Same flavor channel

— VBF analysis (Ben’s talk)

— ZH/WH (31+41) (New for EPS)

* Re-analysis of 2011 (4.6 /fb)

— Updated to match 2012
 WW (MC@NLO -> Powheg)
* Tightened isolation to reduce W+jets

DPF August 16 — Doug Schaefer  http://arxiv.org/abs/1307.1427
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Presented
Here

Note all signal
strength are
HvBF+ggF+VH

DPF August 16 — Doug Schaefer

- G(stat H
ATLAS 2 )) Total uncertainty
o(sys
m, = 125.5 GeV +
H stheoy T loonu
H- vy +0.23 |
| 550 [F0.15 L
__________________ M oxlrois L |
owp, W16 o =
[T I I :
High p_ n=17_"1+0.5 ' i
jethigh™ T s :
mass (vBF) M= 1900 [106 |
VH categories I = 131? +0.9 l
n :
H— z2z* - 4l 0.5
1 437040 +0.17 P =l
m=198 055 |10.14 |
'VB’F;VH'-iik'e’"'""'_"i"zl'{.é’l'{fé" |
categories "~ ""-00|-09 | R I
Other +0.43 :
categories w=145  [£0.35 ' 1 i
Ho WW* S Iviv - [T021 '
w031 |£0.21 —— €
__________________ H= %0z 012 |
0+1 jet w=0.827"1+0.22 ——t |
2 jet VBF w=147"1+05 ' ' €
Comb. H—yy, ZZ*, Ww**0-14 :
| g0zt [£0-15 -
W=138elot| i | i
. 0 1 2

\s=7TeV [Ldt=4.6-4.8 fb"

\s =8 TeV [Ldt = 20.7 b

Signal strength (u)

Total WW

VBF WW
(Ben'’s
presentation)
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Dedicated High Mass Search
H %WW (New For EPS)

e Extends the search for an & o "A'TLA'é'IEr'eﬁ'w}%{aa&'"g'géi;;;';;"""_3
. . . = [ s-8TeV]Ldt- 207" =5 ww |
additional SM Higgs to 1TeV N =1

e Full 8TeV dataset 20.7/fb
* Opposite flavor channel
o O+ljet I
* VBF (not discussed)

% 80-—L |||||||||||| | IIIIIIII l T T T 7T | T T T 7T | T T T T | T I|__
S ATLAS Prellmlnary Sa08 SM ey © e ]
. . . 2 = \s-8TeV | Ld A — E
e Selection similar to low mass = GOaHﬁvi’Wii‘ S — LT
2 . uv + 1 jets = WZ/ZzWy .
3 g g Wt
1 50F Zijet =

]

B H[125GeV]
[ HI[300 GeV]
C—J HI[600 GeV] (x10
) H[900 GeV] (x10

* M,;>50 GeV (M,<50 )
WW CR has |An,|>1.0 " g et

¢ F I t M m; [GeV]

DPF August 16 — Doug SChaefer https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-067/ 22




Top Estimat

* 0O jettop estimateis
simulation corrected using
jet veto survival probability
(JVSF)

* b jet control region is
very pure in data

 Measure jet survival
probability in data and
simulation

* JSVF Probability is small but
has large uncertainty (17%)

 Ratio to simulation is
1.11+/-0.19

1 jetusesab-tagged CR

Events / 10 GeV

DPF August 16 — Doug Schaefer

T T T T T T T T T T T T T T T T T

T T T ] T T _|

~ ¢ Data2012 ATLAS ]

== Total sig.+bkg. -

SO0~ g sM Higgs boson \s=8TeV |Ldt=207f" =

B My = 125 GeV H—-WW*—evuv + 1 jet 7

400 BT -

u [] single Top _+_ ]

B - ]

300 = —

- &3 _

- O ]

200— -

100f- —

ok L -
50 100 150 200 250 300

my [GeV]
In the b tag control region,

No additional jets
Pb-t3¢ = Prob(no additional jets) =

1 or more b tags

For the O jet top estimate,

. b—tag, Data | 9
Top estimate = N ;o * (I;b_mw)
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* 1 jet analyses use b tagged jet

Top Estimate (continued)

events as a control region

Relax m, and A¢, cuts

Kinematics are well
modeled

Very pure top sample

Top background is
normalized to the control
region
« 1.11+4/-0.05 (stat) in 1 jet
 1.01+/-0.26 (stat) in 2 jet

Ratio of ttbar and single
top is fixed by the
simulation

Events / 10 GeV

500

400

300

100

200F

B | T T T T I T T T T

T ¢ Data2012

- %% Total sig.+bkg.
[ SM Higgs boson
O m,, =125 GeV
L

- [ Single Top

L ww

— W

T[] Other W

- [ W+jets

| T T T T | T T T T

ATLAS -
\s=8TeV |Ldt=207b"
H-WW*—evpy + 1 jet

.+.

50 100

150 200 250 300
m; [GeV]



Same Flavor Channel
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PacMan

Pileup

 Measures hadronic recoil weight

Recoil Variable/

| et
| Zjets with pr>10 Gev WVF| X P17

* Adapted to 1j using P, 7

* Reduces DY by a factor 5

* Fit using data driven

[ ] [ ] [( .
templates for normalization 2% Hadronic
recoil
T AT NS PARRRRAN T =
; %‘: \'s = 8 TeV simulation
ﬁ [ H—>WW*—evev/pvpyv + 0 jets 7
E —=— . Signal Region Non-Z/DY shape Z/DY shape
g Fo- : giﬂoa?gééobi):;: ;V:jj:szs GeV | low-my; low-myg Z- peak Z- peak
3 e ee/up eu ee/ i
2 107 O =
w L o T ] Z )
— peak <&
a- T = Npon-z/DY| € +Nz/py (| Nion-z /Dy
::-—:ﬁ: - A—+ _D_—D—
. g Ty DL= DL= L= DL=
102 L NN .« SRR TN _CJ_
0 01 02 03 04 05 06 07 08 09
Recoil /P Il oo Figure 48: Scheme representing the Z/DY estimate procedure (the Pacman method).
T
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Coupling Results
WwWw ZZ

e WW has limited mass  ZZ has very good mass resolution
resolution e 1 VBF with 120<m,<130 GeV
T 1.0 +/- 0.3 at m, = 125.5 * 0.4 VBF expected (S/B~1)
GeV/c? * 1VH Candidate (m,=270 GeV)
_ 0.8 . =1.4+/-0.4 at m,=125.5 GeV/c?
Wyge= 1.6 + 47 M H
G oI TS -
~ - ZZ Vs=7TeV [Ldt=46-481" -
z 8~ - ls=8TeV [Ldt=207f" ]
4:_ "_l“: ----- e “‘«“ + Standlard Model _:
2:_ o E . Standard
ofF W e - . Model |
- myo1255GeV e ST s 3. . E Expectation E
2505 T 15 2 25 3 85 4

DPF August 18 — Doug Schaefer uggF+ttH x B SM 27



EPS July 18 — Doug Schaef

H—>WW Events

Table 9: For the H— WW*— {v{v analysis of the 8 TeV data, the
numbers of events observed in the data and expected from signal
(mg =125.5 GeV) and backgrounds inside the transverse mass re-
gions 0.75myg <mt1 <mpyg for Njet <1 and mr<1.2my for Njet >2.
All lepton flavours are combined. The total background as well as its
main components are shown. The quoted uncertainties include the sta-
tistical and systematic contributions, and account for anticorrelations
between the background predictions.

IVjet:O Nptzl Npt22

Observed 831 309 55
Signal 10021 41+14 109+14
Total background 739+39 261 +28 36 +4
WW 551+41 108+40 41+15
Other VV 58+8 27+6 19+04
Top-quark 39+5 95+28 54+21
Z+jets 3010 12+6 22+3

W+jets 61+21 2045 0.7+0.2
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H->WW Analysis Hinges on Spin

* Most cuts are motivated by the spin 0 nature of the Higgs
boson

— Weak (V-A) decays cause the leptons to be collinear
— One lepton (e,u) is opposite W momentum

— Clean signature of 2 leptons + Missing Transverse Energy (MET)
A

e+
+ @
\ @ Yo Spin pushes the

e leptonstobein
the same

? 4 e direction
_v

Spin _
EPS July 18 — Doug Schaefer (Momentum) Spin Momentum 29

e

|
) 'Ue



0 Jet Signal Selection

|, Er:::= METx 1, ¢>T/2

sin ¢, else

* ET.is sensitive to the
direction of MET

Transverse

along objects planeto
. > 10~~~ "1 T 1 T T T T
g J / beam line & 10°L ATLAS Preliminary o %fv“;fzzy;\,@j‘a‘)
MET /o, L o \s=8TeV,[ Ldt=207f" [Jua [ SingeTop
- T decays " ..... % 104 H->W: ']eevuv/uvev+0/1 jets- e %:VEJ::GE\,]
q) g 10°ms
10°

* Higgs spin+V-A ,
decays provide 1 i3
collinear leptons L

ET% [GeV]

> {400 T T T T s O L I O S e [ L o o R o o o Sl

[0} r P 4 Data %% SM(sys@stat) —= @ = P 4 Data %% SM(sys@sta) § ® 250 N 2 ]

(u?) - ATLAS Preliminary mww mwezwy - O 8005 ATLAS Preliminary g W' g wzzzwy 1 - ATLAS Preliminary ;37&7 ﬁa/“;/(zsé/wsqaysm) y

21200 \s_gTev,[Ldt=207" i E@SndeTe T 2 o00F \s_gTeV,[Lldt—207fb" [Ji 0@ ShgeTor = C \s—8TeV,|Ldt=207f" [Ji  [JSndeTop 7

] L o) o [ Z+jets [ WHjets -~ E * . [ Z+jets [ Weets . 8 200 © ! W Z+jets [ Wejets ]

< 1000[- H->WW' "—evuv/uvev + 0 jets B H 125 GeV] ..g 600F- H->WW' ‘—»evuv/uvev + 0 jets W6 T o L Howw Sevpv/pvev + 0 jets Hposcev]

> L ¢ 1l T} - j < C ]

w L % I o < 1 2 C ]

P1>30 GeV : & o M<50GeV 1 & & :

600 - = E C ]

C ] E = _»_--’-—‘- —

400} - : E ]

e e, ] S 0 ———— ]

0 20 60 80 100 120 140 160 100 150 200 250 0 02040608 1 1214 16 18 2 22
EEEEEEEEEEEREEEEEERE|

P} [GeV] m, [GeV] A¢, [rad]
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0 Jet Signal Selection

 E . is sensitive to the

direction of MET
along objects

— T decays

L

Transverse
plane to
beam line
L.,
MET 7.
I2

DPF August 18 — Doug Schaefer

Events / 5 GeV

1 07 T T T T | T T T T | T T T T | T T T T | T T T T
. —4- Data %% SM (sys ©@ stat)
10°E ATLAS Preliminary & oW & wzzzwy
(F \s=8TeV,[Ldt=207fb" [Jt [ SngeTop
10 “) . [ Z+jets [] WHjets
H—->WW' '—sevuv/uvev + 0/1 jets (] H[125 GeV]
104 g miss
10°
102 i *
10
1
10"
10° ‘
0 50 100 150 200 250
ETrer [GeV]
Emiss_ M ET 1, (I)>J'|§/2
rel™ " .
sin ¢, else
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WW Modeling

* SRfraction _Of baCkgroun% 700 ATLAS HWW*evuy + 0 jets
— 74% of 0 jet bkg 2 600F- \s=8TeV | Ldt=20.71b" & Datazoiz -

_ o : P - ’ Zz Total sig.+bkg. -
38% of 1 jet bkg 2 ook B M Higgs boson -

AT - m,, =125 GeV -

. 400[— ] ww —

* Control region: = WL ]
_ 300: [] W+jets —:
50<M;<100 GeV (was WW ValigatienRegion -
I\/|||>80) ‘ [ ] Single Top —:

— Remove A, cut = E

— Closer to SR (reduced e S .

uncertainties)

— Less pure (70% in 0j CR) | New Split | WW CR Old WW CR M
in SR
 Normalization in CR  Total Uncertainty on WW
— 1.16+/- 0.04 (stat) in O jet T 7Aein Ojet
' ' . J_ * Includes theoretical and statistical
— 1.03 +/- 0.06 (stat) in 1 jet shape uncertainties

* Experimentally dominated
EPS July 18 — Doug Schaefer 32



LHC Lum|n05|ty

A L B L B S5 = B T T T =
2 7— ATLAS Online Luminosity \s=7TeVv — Q 30 — ATLAS Onllne Luminosity Ns=8TeVv —
z 65 [ LHC Delivered = " [ LHC Delivered
_CE’ = [_] ATLAS Recorded é 251 [ ] ATLAS Recorded =
s = - .
% SE= Total Delivered: 5.61 ft" ] = poF.  Total Delivered: 23.3 =
— - Total Recorded: 5.25 fi5' 3 %' - Total Recorded: 21.7 fb™ .
Q 41 - D -
o C ] © 15 -
2 3 = o C
k= ] 2 -
g 2 = s o E
o = C
= ] 2 C
1 — 5— —
S ! / ! 11 Q e o T o
28/02  30/04  30/06  30/08 31710 26/03 31/05 06/08 11/10 17/12
Day in 2011 Day in 2012

e ATLAS collected data with high efficiency and

good data quality

* Presented results combine 4.6 fb! of 2011 7TeV and

20.7 fb'1 of 2012 8 TeV data
Now wait until 2015 for 14 TeV data

EPS July 18 — Doug Schaefer
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2011+2012 Signal Strength
Results

Ww Z2
WW has limited mass | ® £Z has very good mass
resolution resolution

Signal strengthatm,= | ° Signal strength at m,, =
125 GeV/c?is 1.0 +/- 0.3 125.5 GeV/c?is 1.5 +/- 0.4

L NS N B B UL B
- ATLAS Preliminary  \(s=7TeV:Ldt=461" ]

3\ —_—~
E 7E . f 4 H—ZZ' — 4l
ED - H—>WW( )—>Iv|v \s=8Tev:JLdt=2o.7fb"§ o 3.5F —~ Best Fit 3
o gE . = S - -2In A(p) <1 3
:U:) - — bestfit ] g 3E E
= - [C]-21Im(u) <1 . 7 - .. 3
& ST — Exp.bestfit m =125GeV - c_és 2.5 ATLAS Preliminary 1
'cfg; - —-2Im\(y) <1 . k=) 25_ \s=7TeV: [Ldt=46fb" ]
4 D - Vs =8 TeV: JLdt=20.7 fo'']
T —
2 -
0.5F =
1 I . E
OF -0.5 -
115 120 125 130 135 140 145 150 110 120 130 140 150 160 170 180

EPS July 18 — Doug Schaefer my [GeV] my, [GeV]



Uncertainties on Signal and

Dominant
systematics are
signal theoretical
uncertainties

Largest detector
systematic is WW
normalization and
W+Jets
uncertainty

Background

Uncertainties on combined [

Source oup (%) o down (%)
Statistical uncertainty +22 -21
Signal yield (o - B) +13 -10
Signal acceptance +9 -7
WW normalisation, theory +12 -12
Other backgrounds, theory +4 -4
W +jets fake rate +4 -6
Experimental + bkg subtraction +9 9
MC statistics +7 -8
Total uncertainty +31 -29
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Events / 20 GeV
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VBF

HWW Top CRs

- ATLAS

H-oWW*Siviv + > 2

7
o
7

r+_

\s=8TeV [ Ldt=20.7fb"

4 Data 2012 % Total sig.+bkg.
O [ Single Top
| zy O ww

[ Other Vv  [] W+jets

[ ggF m, = 125 GeV

[J VBF m, =125 GeV

7

IIII|II:=I|\R\I\&

1

— Doug Schaefer

|
|

200 250

m; [GeV]

300

500

400

300

200

100

1 jet

-4- Data 2012
%% Total sig.+bkg.

T T T T I T T T ™ I T T T T | T T T T

ATLAS

— [ SM Higgs boson \s=8TeV [Ldt=20.7fb"
- m,, = 125 GeV . . ]
C O H->WW*—evuv + 1 jet 7
:_ [ Single Top 7 7 —:
L [ ww 7 -
I % / .
- [ oterw | A7 ]
- [] W+ets % 7, b
C 7 -
- Y -
B 7. N
— @ ]
N - ! : i
50 100 150 200 250 300
m; [GeV]
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HWW WW CRs

O jet 1 jet

> SOO_L L L I T T 11 I T 1T T 71 I T 11 I T 17T I T 1T T 7T | T T 7T I T 7T |_l _I UL l T 1 1T I LI l T 1T T 7T I T T T 71 I T 1T T 71 I T T T 71 I T 17T l:
[0) B - 220 —
8 "I ATLAS e 1 aoof. ATLAS 4 o g i, 3
— - \s=8TeV J- Ldt = 20.7 fb™ [l SM Higgs boson E \s=8TeV _[ Ldt = 20.7 fb™ [l SM Higgs boson
> 400~ W 0 ot m, = 125GeV | 180 W ot m, = 125 GeV
E : —> —evuyv + U jels [:l WW : 160:— —> —evuyv + 1 Je D WwW _:
g B ] W+jets | - 7/ [+ -
L 300__ O+ ] 140:_ ; [ Single Top =
B ) [ Single Top _ 120 [ other vV —

B [ other vV 7 1 C [ Wiets 3

B ] 80 —

: ] 60F =

100— — - -

- ] 20 —

0 -

50 100 150 200 250 300 350 400 450  O56-"i05" 150 200 250 300 850 400 450
my [GeV] m. [GeV]
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W+Jet Modeling

WW =, exw€Vv Candidate SUATLAS

Run 166927 Evént 23152220 ’ &L EXPERIMENT
Timé2010-10-17 03:02:49 EDT

Multi—Je Event Electron Candidates

« W+let-lv jet (jet fakes lepton)

* Gluon and quark showering (jets) can mimic the signature
of an isolated electron or muon

* Does not happen very often, but we have a lot of jets!

DPF August 18 — Doug Schaefer
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@ W+Jet Modeling (continued) @

Events Prompt

W+Jets = 2 1:et( - ff;ﬁi?;'ﬁ:e‘j
f.

et IS the “transfer factor” from jet enriched
leptons to our isolation definitions.

* |Important background
— Kinematics are very similar to low mass Higgs
— Not modeled well by simulation (MC)

e Data driven method
— Model jets imitating prompt leptons using a “transfer factor”
— Predict all kinematic distributions

— Make the same event selections to these events

39
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@ W+Jet Modeling (continued) @

.. Measure in a multi-jet sample
* ~40% uncertainties in —_—

(Isolated leptons)
“transfer factor” f. =

ot
— Differences in jet P *° 4\@

(“jet-enriched” leptons)

spectrum
. . Same S| n Valldatlon
— Differences in jet flavor . .~ & -
cys S ATLAS *3 ;fmbkg E
CompOSItlon 2 805_ \s=8TeV [ Ldt=20.7 fb" B M Higgs boson
. . . % 70;_ H-WW*—evuv + 0 jets DW:?;:mSGeV _;
 Modeling is validated $ o | e
. . >0F A 8wy ]
with same signh lepton 0}
30F
Palrs 20F
10F 4
0_50 100 150 200 “ 30

DPF August 18 — Doug Schaefer my [GeV]



signal Strength Across Analyse:

S ool ATAS (msessnr e
. g - s=8TeV[Ld 11111 fb : :WW_;
* Combine 2011 and 2012 data :° .

e H->WW
— Does not have mass resolution

— Has the best estimate of signal

‘ L1 1 1
140 145 150 155

I I | T
130

1 1
135

7| 1 | L 1 1
0125

strength because of the large T Al
ATLAS Preliminary EmH=125.5Gev

branching fraction WZH b

\s=8TeV: |Ldt = 131"

el
H- 1t :

1 s=7ToV: [Lot= 461" o

* All analyses are consistent mmlen

R et

with a standard model Higgs s .

\s=8TeV: IL(d*t): 20.7 o
H—ZZ " — 4l
\s=7TeV: [Ldt = 4.6 b

L
\s=8TeV: |Ldt=20.7 b :
Combined u=1.30%0.20 §
\s=7TeV: [Ldt=4.6-4.8" P
\s=8TeV: |Ldt = 13-20.7 fb" :
| | | | |
A4 0+

Signal strengthi (1)
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Compare ggF to VBF

* Currently, we have more
sensitivity to the gluon-

gluon fusion (ggF)
— ggF is sensitive to new
physics
* VBF limit is dominated
by the 2 jet limit

proton

antiproton

VBF

EPS July 18 — Doug Schaefer

x B/Bg,

l'LVBF+VH

2InA

-3
5 ATLAS Preliminary + SM —
" Vs=7TeViLdt=4.6fb" + Best fit ]
" Vs =8 TeV]Ldt = 20.7 fb" — -2InA(ggf.vbf) < 2.3 7
4 e -2 InA(ggf,vbf) < 6.0
3:_ \\~\‘\ __
2r =
1 -
- \\\ // .
0:_ _____________________ ]
il T T S T SR T R N S S R P
0 0.5 1 1.5 8?78
X
Hogr SM
7
14 ATLAS Preliminary -
1ok ls=7TeV: |Ldt=4.6-48fb" E
Is=8TeV: |Ldt=13-20.7 fb™
10— m, = 125.5 GeV -
s —H—>W(_) ]
C —H->2Z '—>4I
L —H-o>ww” 5 vy
6__ H- 1t
L N
2.—
o
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/
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Event Selection

* |[n 2011, same and opposite
flavor channels were used

* |[n 2012, increase
interactions per proton
bunch crossing adversely
affected the missing
transverse energy (MET)
resolution

* Same flavor has special
treatment

* The following slides show

the event selection for 2012
8 TeV data VBF channel

EPS July 18 — Doug Schaefer

Recorded Luminosity [pb™0.1]

L L L
- ATLAS Online Luminosity

@ Vs=8TeV, ﬁ_dt =6.3fb", <u>=19.5
3 Vs=7 Tev,ﬁ_dt =527 <u>= 9.1

40

Mean Number of Interactions per Crossing
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eu Event Display

Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST




Data Driven Top Normalization

1 btagged jet sample to normalize top at each cut

. p is NLO generator, so it is not expected to get 2 or more ISR/FS
correct.

— Derive an uncertainty by comparing to Alpgen, Sherpa, and Powheg ttbar

> 20007 ™ T | L LA IR
G 1goof- ATLAS Preliminary 2 oo = 00 0n0 = 3
2 E \s—8TeV,[Ldt=207fb" [J& [ SingeTop
— 1600 ) . [ Z+jets [] W+ets =
% 1400 f— H->WW /—>evuv/uvev +22] @ ggf 3 vofsvh é
D 1200 =
1000f~ —
800 = E
600 =
400F- =
200F -
0 e
50 100 150 200 250

m, [GeV]
% : | T T T T | T T T T I T T T T I T T T T | T T T T :
— HS. - Data %% SM (sys @ stat) _7
© 2000t~ ATLAS Preliminary o ' &= wzzzwy 3
2 1800F \s—8TeV,| Ldt=20.7fb" [J& [ SingeTop  —
~ - ® . [ Z+jets  [] W+ets =
2 1 600E HoWW' '—evuv/uvev +>2] gl gof  [J vbfsvh E

(0] — P
g 1400F ~
1200F %
1000 =
800F =
600 =
400 —
200 ]
i —

50 100 150 200 250 300 45
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WW WH Higgs Strahlung Analysis

300

e Sensitive to direct Higgs to £ *°F  If Approved
W coupling (no loops) o
* WH->Ivivlv opt e
e Search for 3 isolated Q '
- 15
leptons+MET E et
e Split analysis into Z enriched TR e e e
and Z depleted regions S — -
. . . © E Al ntern ton
* Current expected limitis4.0 ¢ | -2 BT Tovla=aTm’
O, and observed is 7.5 at E | If Approved
m, =125 3 "L
* 1.7 O excess N o g
* Excess is mainly from the E - .
Z dep|Eted region :.“.lﬁL'slfh.l’.’T,lt?.“.ll..ll..“l“..l..“l.“.
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/H Higgs Strahlung Analysis

E ATLAS Internal e Data %% Total Bkg.
e 10° E=8TeV.[Lat=2071%" [ vw [l z
e Sensitive to direct Higgs to g o Hopron B Fekes — 2125 GV, 20
Z/W coupling (no loops) @

o ZH-=II Ivlv

e Search for 4 isolated 10°
IeptonS+MET 10°5°"20 40 60 80 100 120 140 160 180 200

e Split analysis into 1 SF OS m,, [GeV]
and 2 SF OS pairs
Exp. {2 =8 TeV:/Ldt=207 "

* Low M, for H->WW E e
leptons £ B B
* Current expected limitis 9.6 &
Oy and observed is 14.3at  °
my, =125
* 1.5 o0 excess

ATLAS Internal 4-lepton
— Obe.

If Approved

CLs Limits

lllllllllll]lllll]lllll]lllllllllll]ll‘ll]ll
lio" 120 130 140 10 180 170 180 180 200

EPS July 18 — Doug Schaefer Previously 2011 only



